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Abgract : A new method of nanocontact fabrication for Adreev reflection measurement based on the nanopore
method using a SIN membrane with focused ion beam technique is presented. With this method, controllable,
clean,tensionless nano-contacts for spin polarization probing can be obtained. Measurements of the fabricated
samples show complicated spectral structures with a zero bias anomaly and dip structures from quasipartical inter-
actions. A control sample of Coa FeswnB2o is measured with Nb tip method. None of the measured spectra can be ex-
plained satisfactorily by present theory. Further analysis of the contact interface and a more complete theory are
needed to extract a reliable spin polarization message with the point contact Andreev reflection method.
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1 Introduction

The rapid development of magnetoelectronic
devices in recent years is stimulating a search for
material s with high spin polarization s nce the per-
formance of such devices depends critically on a
substantial spin polarization'™ *'. A reliable method
for determining the spin polarization ( P) of new
materialsis therefore important.

There are currently only afew methods to de-
termine P. The most widely used method so far in-
volves the use of a superconducting tunnel junc
tion ,which consists of a superconductor/insulator/
ferromagnet stack of layers“® . The usual struc
tureis Al/ Al2Os/ other metal. The value of P can
be determined by exploiting the characteristics of
the densty of states of the superconductor in a
magnetic field. There are, however ,a number of
drawbacks in this method. Tunneling occurs only
within afew monolayers at the interfaces between
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the metal electrodes and the insulating barrier lay-
er'® . The spin polarization of theseinterfacial mon-
olayers can be substantially different from that of
the bulk. Furthermore ,the fabrication of a pinhole
free insulating barrier layer with a thickness of a
bout 1nmisproved to be rather difficult. The char-
acteristics of the barrier material must aso be
taken into account in determining P via the tunne-
ling matrix elements.

Recently ,there has been a renewed interest in
metal/ superconductor junctions,largely driven by
the ability to measure the spin polarization P of the
conduction electronsin a metal with what is called
the point-contact Andreev reflection(PCAR) meth-
od” o,

Andreev reflection is a process by which an e
lectron, incident from a normal metal on a normal
metal/ superconductor interface with energy less
than the superconductor energy gap (A) , is con-
verted into a cooper pair in the superconductor ,
leaving a hole in the oppodte spin band of the met-
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al. The detailed theory —B TK theory —was devel-
oped by Blonder et al. ™ . For ferromagnetic mate-
rials,the majority and minority bands are not e
qual ,and the Andreev reflection is serioudy sup-
pressed™

The spin polarization of a metal is usually de
fined as

Ph = (n: - n.)/(ny +n.)

where n; and n, are the charge dendties at the
Fermi energy of the majority and minority bands,
resgpectively. However ,in the measurement of spin
polarization with the PCAR or tunneling method,
one measures P= (1 - 1.)/ (1+ +1,) ,theimbal-
ance in the currents of the majority and minority
carriers’® . We will use this definition of P,whichis
relevant to the spin polarization as measured by
PCAR ,under certain conditions,such as when the
Fermi velocities of all the spin currents are the
same, s that P = P,'*”). Note that, although I
can be larger or smaller than I, ,with PCAR we
can only measure the absolute value of the spin po-
larization | P| . PCAR does not suffer from the a
bove mentioned drawbacks since it does not rely on
the preparation of a thin insulating barrier layer
and it probes the polarization not merely for a few
monolayers at the interface but on the length scale
of the electron mean free path in the metal. Fur-
thermore ,PCAR is very well suited for the meas
urement of the spin polarization of new materials,
for which the fabrication of high quality tunnel
junctionsis often a formidable challenge.

The most frequently used method recently in-
volves the use of afine tip of a normal metal (su-
perconductor) controlled by a differential screw.
The tip is usually fabricated by chemical etching or
by fine mechanical grinding. The tip is then
brought into mechanical contact with a supercon-
ductor (normal metal) at acertain pressure. Thisis
rather smple compared to the tunneling method
and other recent methods, since it is easy to
change the material to be measured and the contact
resstance is easy to control by adjusting the pres
sure on the tip. Although it seems a great success
to extract information from norma metal s and fer-
romagnetic metals with this method ,there are still
ome drawbacks. Theinterface at the contact is dif-
ficult to control even though the tip is usualy ul-
trasonically cleaned to remove residue. It is a0
difficult to characterize the contact formed between

the tip and the counter materials. First ,the contact
area,whichis usually calculated by the Sharvinfor-
mula™** cannot be directly controlled. Second,
there is a complicated interface with an unclear
barrier possbly from resdue and oxidation at the
contact. Third ,thereis a s tenson between the tip
and the substratefrom a crystal lattice mismatch at
the interface and especially from the pressure exer-
ted by the screw ,which changes the band structure
of the material at the contact. These conditions are
very difficult to account for in theory,and they
make the barrier parameter 7' unclear. These
problems make the reliability of the extracted spin
polarization val ues doubtful . The importance of the
influence of the pressure on the spectrum from the
aberrance of the crystal lattice is still unclear at
pre-sent ,s0 it isnot surprisngthat different exper-
iments give different results®®'"  Therefore a
natural ,clean contact in such measurementsis re-
quired.

1 In 1998, Upadhyay et al.'® used another
method to form a natura contact. They fabricated
bimetallic nanocontacts by thermal evaporationin a
vacuum of 1. 33 x 10" ° Pa onto both sdes of a sli-
corrnitride membrane containing a tapered hole
made by electron beam lithography (EBL) and re-
active ion etching(RIE) " . Thisisa rather compli-
cated fabrication process ,and the measured spectra
show obvious barrier characteristics possbly due to
the poor quality of the evaporated film.

Recently , focused ion beam ( FIB) etching,
which makes the fabrication of nanostructures less
than 30nm easy ,has become a popular nanof abrica
tion technique. We try to form a small hole by this
method and then deposit superconducting and ot her
material s on both sdes of the membrane with high
vacuum magnetron sputtering to form a small me-
tallic contact. With this method ,the contact szeis
determined by the hole sze at the contact ,whichis
determined by the parameters of the FIB etching.
The contact is then formed naturaly by deposting a
film at the atomic level at a depos-ting rate below
0. Inm/s. The contact should be tensonless and
clean if there had been no vacuum break. Compared
to the bowl-shaped hole by Upadhyay et al.'®
these ion-beanrmilled holes have a rather sharp
shape.
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2 Samplefabrication

100nm thick dlicon nitride membranes with
silicon-supported frames were used. Nanopores
through the dlicon nitride membranes were milled
using a beam current of 10pA at 30keV. The shape
of the pore and the nanocontact sze on the under-
sde of the membrane were determined by FIB
cross sectioning and SEM imaging. If the initial
hole diameter was 40nm or less,conical pores were
created and the dze of the nanocontacts was 3nm
or less. If the milled holes were larger than 100nm,
then the pores had near-vertical sde walls. The
conical shape of the 40nm holes was due to the re-
deposdtion of sputtered material onto the sdewalls
of the pores during the milling. Asthe depth of the
milled hole increased, the solid angle through
which the sputtered material could® escape” de
creased, and material was redeposited onto the
sdewalls of the hole. Figure 1 shows an SEM im-
age of a FIB-prepared cross section through a nan-
opore with a conical shape (in this example the
hole was milled to 70nm to yield a wider poreinor-
der to increase the probability of it being cross sec-
tioned through its centre) .

Fg.1 Cross section of holefilled by sputtering

The nanocontacts were then prepared by sput-
tering a 100nm thick swave superconducting film
on one dde of the dlicon nitride membrane and
then depositing other normal metal or ferromagnet-
ic materials on the other sde after flipping the
membrane. To prevent a short between the top and
bottom electrodes ,the edges were masked

with copper tape during sputtering. To avoid an
oxide layer formed when flipping the membrane in
the ar ,the membrane was cleaned by Ar ion etching
before deposting the materia on other sde of it.

3 Resultsand discussion

In connection with the BTK formalism ,there
i s a difference between ballistic and diffusive trans-
port ,defined by the ratio of the mean free path | of
the electrons and the contact diameter d. In gener-
al ,there are three posdble types of trangport in a
PCAR experiment : ballistic (1 < d) ,diffusve (1>
d) ,and intermediate (I d).

The diameter of the contact d can be calculat-
ed from the equation for the junction (contact) re-
s stance!™"!

Rv = Ro(l+ Z%) = (/31 d +p/2d) (1 + Z°)
where the first term in the expresson for Ro is
Sharvin redstance for a metallic contact with no
barrier™™ ™ for ballistic contacts,while the second
is the Maxwell redstance for diffusive transport ,
wherep is the conductance of the material ,and Zis
the barrier strength of the point contact.

For our metal contacts,the Z value is usually
very small (<0 1).We can use the Sharvin res st-
ance to get a rough value of the diameter of the
contact. The holes are usually around 10nm in the
SEM image,and the resistance of contact is 30
502 ,consistent with the Sharvin formula calcula
tion. Thus the contact should be around 30nm,
whichisin the balistic range for Nb,and a little
shorter in thefilm thanin the bulk material. There
is no great difference between the sin polariza
tions extracted with ballistic model and diffusve
model ¥,

The samples were measured usng the stand-
ard four-terminal lock-in technique to get the dif-
ferential resstance dv/dl versus | of the point
contact. The dv/dI-1 curves were then converted
into the dynamical conductance dlI/ dv-V curves,
and the normalized conductance curves were ob-
tained by dividing dI/ dv-V by one of its high bias
values. Figure 2isatypical R T curveof an Au/ Nb
contact ,amilar to those of the other samples.

For comparison to other works®®*! Figure 3
shows the dip structures at the(Au/ Nb) contact or
outside the gap energy range ,which are smilar to
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the spectra measured by Sheet et al.™ . Further-

75
more ,all the sgpectra show a ZBA structure,which
01 0o isprominent for normal metal and dight for ferro-

P
" q magnetic metal and the alloy Cos FesBi2. For the
; Au/ Nb sample,there are strong oscillation struc-
géo_ g turesoutside the dip structure,and dight ones for
8

Cu/ Nb. For ferromagnetic materials, such struc-
35F tures do not appear , but the podtion of the dip

Au/Nb structure is extremely far from the energy of the
SoF §5K superconductor gap. The Andreev-reflection-like
45 i ) . . peak in the Cu/ Nb junction is dightly greater than
! 3 7 lg(mg) 55 148 2 which is similar to the casesin Shan’ s work!™! .
These features are not presently included in the
Fig.2 R T curveof Au/Nb standard and extended BTK theories®™* | and
the reason for them is still not clear.

24Hb)
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Fig.3 (a) Normaized GV curve of Au/Nb contact; (b) Normalized GV curve of Cu/ Nb contact;
(c) Normalized GV curve of Ni/ Nb contact; (d) Normalized GV curve of Cos FessB12/ Nb contact

There are many possible explanations™****! ‘s it tion shows an enhanced conductance within the gap

is difficult to extract reliable information from of the superconductor. The conductance of the Ni/
them. Qualitatively ,the normal metal Au,Cu junc Nb,Cow Fes B2/ Nb junction is depressed within
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the gap energy of Nb compared with Au and Cu,
egpecialy for Cos Fess-Bi2. Namely ,Cos FessB12 has
a high spin polarization ,at least as compared with
Ni by the PCAR theory.

Sheet et al. explained the dip structures by a
critical current™ and they excluded the proximity
effect™ asapossble reason that theferromagnetic
material should be a strong pair breaker. For our
sample,the dip structures cannot have any corre-
spondence with the superconductor gap except for
the Au/ Nb case,and the contact sSzeis not in the
diffusve range as well ,s0 there must be another
reason for these characteristics.

Shan et al. " introduced a Josephson junction
in series with a normal-metal/ superconductor (N/
S point contact to model the tunneling. By tuning
the weights of the point contact Andreev reflection
voltage and the Josephson voltage, they obtained
results consi stent with BCS swave pairingin MgC
Niz. Chainani et al.'™ used high senstivity angle
integrated photoemisson spectra for strong-cou-
pling superconductors Pb and Nb. They found a
large spectra weight redistribution up to 15meV ,
which is much larger than the gap energy or T. of
Nb. By estimating the values of the gap using
Dynes function® fit by introducing the thermal
broadening parameter I’ due to the finite life of the
quasiparticles at the gap edge,they obtain a value
of 2A(0)/ Ks Tc for Nb of 3 7 ,which isin good a
greement with the thermodynamic measurement of
3 8,whichisapossble reasonfor the nature of the
spectra we obtained.

There are many possble sourcesfor ZBCP ,in-
cluding Kondo-type scattering by magnetic impuri-
ties in the small barrier at the interface’” *°
Cooper pair or reflectionless tunneling in high
transmittance junctions®**! ;and anomaliesin tun-
neling between two 2D electron gases " .

For comparison, Figure 4 gives the Andreev
spectrum of a Cos FewB2o/ Nb contact made smply
by applying an Nb tip. The solid lineis a BTK fit
with parameters T=2K,A =1 225meV ,and Z =
0. 03. The sgnificant broadening is due to a large
thermal broadening effect ,which is always observ-
able in point contact measurements ,but thereis no
obvious ZBA structure or dip structure. From the
fit ,we obtain a polarization of O 455,smaller than
that from the tunneling junction val ue obtained by
the Julliére formula®' ,which is about 0.6 0. 7.

Therefore further verification i s needed.
1.15

T=2.0K Co,gFe,,B,o/Nb
7-0.03
110 A=1.225meV
| p=0.455 i
z >
Q .
3
1.05F
%
Loof *
A5 -0 5 0 s 10 15

Bias/mV

Fig.4 Normalized GV curve of Cosw FexwB2o/ Nb con-
tact by Nb tip method The straight line is the BTK
fit. For therma broadening of the spectrum,only the
key feature of the gap structureisfitted by T=2K A =
1 225meV , Z2=0. 03.

From our work and other works'™ |the ZBA
usually appears accompanied by the dip structure
for junctions with low temperature superconduc-
tors™*¥ . Most likely,they come from the same
source. For our sputtered samples, the possble
mixing of different material sfrom the roughness at
the contact may be one reason. Ni and CoFeB are
not smple Stoner ferromagnets;their band struc
ture is quite complicated,and a complete theory
should take the s and d-band electrons,and their
hybridization into account. For reliable extraction
of spin polarization information from these materi-
als,not only a high transparency and clean contact
are needed ,but also a more delicate theory inclu-
ding poss ble mechani sms.

4 Conclusion

A new method for fabricating Andreev nano-
contacts involving the FIB etching of a membrane
is used for spin polarization measurements. With
this smple method, we can get a controllable,
clean, tendonless interface at the contact. The
spectra measured from normal metal and ferromag-
netic metal showed complicated peak structures
possbly from ZBA and quaspartical interactions
for all membrane samples. For the ferromagnet/ Nb
junctions, the gap structures are smeared. The
present standard and extended B TK theories can-
not extract the spin polarization reliably. Another
ferromagnetic Coa Few B2 sample is measured by
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an Nb tip ,for which the dip structure cannot be
observed and the spectrumisthermally broadened ,
possbly by the diffusve trangport. Therefore,to
get reliable spin polarization information by the
PCAR method,not only a smooth, sharp , ballistic
contact ,but also an improved theory that includes
real material-related mechanismsis needed.
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